Shigella sonnei is a nonmotile, nonspore-forming facultative anaerobic Gram-negative bacterium. This pathogen is generally transmitted through uncooked food or contaminated water. In the United States, 70% of shigellosis cases are caused by S. sonnei. Worldwide, it is estimated that 164.7 million people suffer from shigellosis annually: 163.2 million in developing countries and 1.5 million in developed countries [4, 9] .
It has long been reported that Shigella and Escherichia coli are closely related, but in the 1940s, Shigella strains were separated from E. coli and subgrouped into four species: S. dysenteriae (serogroup A), S. flexneri (serogroup B), S. sonnei (serogroup C), and S. boydii (serogroup D). According to the comparative genome analysis of the two genera, Shigella evolved from many different strains of E.
coli. Because the genome of Shigella is highly evolved, it has become a highly specific human pathogen owing to its extensive evolutionary progress involving its repeated gain and/or loss of function compared with E. coli [25] . Therefore, it is important and essential to develop a simple and reliable approach for the sensitive and specific detection of the targeted pathogen.
Currently, S. sonnei is isolated from fecal, food, and environmental samples using semi-selective media, and the subsequent identification step consists largely of pathogenicity tests and/or molecular typing techniques [2, 3, 5, 7, 8, 10, 11, 14-16, 18, 19, 22] . Many molecular assays based on ipaH, IS1, tuf, uidA, and the 16S-ITS-23S gene region are generally used for the detection and identification of Shigella species, but there have been serious defects in the identification and diagnosis of S. sonnei isolates because these assays detect other Shigella and enteroinvasive E. coli (EIEC) [6, 13, 17] .
In general, it has been reported that bacteria use methylase to differentiate between foreign genetic material and their own, thus protecting their DNA from their own immune system. To determine their potential annealing specificity, primer sequences based on the methylase gene were evaluated with similarity searches against the sequence database in NCBI (http://www.ncbi.nlm.nih.gov/). The BLASTN searches showed similarity to the Eco57I restriction endonuclease sequences (GenBank Accession No. ABO22864.1) from Shewanella loihica PV-4, the Eco57I restriction endonuclease sequences (GenBank Accession No. ABM26877.1) from Shewanella sp. W3-18-1, and the plasmid bglu_4p sequences (GenBank Accession No. CP001508.2) from Burkholderia glumae BGR1. BLAST searches with the predicted protein sequence (BLASTX) revealed the closest similarity to the *Corresponding author Phone: +82-31-299-1699; Fax: +82-31-299-1652; E-mail: dspark@rda.go.kr N-6 DNA methylase family protein from E. coli 1357 (GenBank Accession No. EFZ66911.1). However, the region to be amplified with the designed primer pair revealed no significant match with either the BLASTN or BLASTX searches.
In this study, a species-specific primer set based on the methylase gene of S. sonnei Ss046 was designed (GenBank Accession No. CP000038.1, region: "1663456..1665288", protein ID AAZ88281.1) with a predicted PCR product of 325 bp (Fig. 1) . The primers SS325F (5'-ACGCGTTAA AGATGATGCCTGTT-3') and SS325R (5'-TGCCGCTAA AATCCTTCTGTCCT-3') were synthesized by Bioneer Corporation. The specificity of the SS325F/R primer set in conventional and qPCR assays was demonstrated by testing a total of 40 reference bacterial species ( Table 1 Each amplified PCR product was electrophoresed through a 1.5% agarose gel, stained with ethidium bromide, visualized with a UV transilluminator, and imaged using a gel imaging system.
The specificity and sensitivity of the qPCR assay were determined in a 20 µl reaction. All of the amplifications were performed with approximately 5 ng of purified DNA of each sample, the primer set, and the KAPA SYBR Green FAST qPCR Kit (Kapa Biosystems), according to the manufacturer's instructions. The qPCR amplifications were performed using a CFX96 real-time PCR system (Bio-Rad) and the following cycling conditions: an initial denaturation of 3 min at 95 (Table 1) . As expected, a 325 bp DNA fragment was amplified with conventional PCR (Fig. 1) , and the amplification plot and a unique dissociation peak at 81.50 o C were observed with the qPCR assay (data not shown).
To determine the limit of quantification (LOQ) and the limit of detection (LOD), cloned DNA, genomic DNA, and a cell suspension of S. sonnei ATCC 29930 were serially diluted 10-fold and tested with SYBR Green qPCR ( Table 2) . A DNA fragment of 325 bp was ligated into the pGEMT easy cloning vector (Promega) according to the manufacturer's instructions. The copy number of the cloned DNA was calculated using the following equation [20] : copies/µl = [6.022 × 10 23 (copy/mol) × amount (g)]/ [length (bp) × 660 (g/mol/bp)]. All of the samples were analyzed in triplicate.
The LOQ assay exhibited a good linear response and a high correlation coefficient (R 2 = 0.996). A standard regression analysis of the linear part of the slope resulted in a coefficient of -3.590, which yielded a PCR efficiency of 89.9% (Fig. 2B) . The melting curve derived from the amplification plot is shown in Fig. 2C , and the analysis of the melting temperature and melting peaks of S. sonnei Fig. 1 . Specific PCR amplification of a methylase gene fragment of Shigella sonnei using the SS352F/R primer set.
Ethidium bromide-stained agarose gel electrophoresis of PCR products. Lane M, size marker (1 kb DNA plus ladder; Gibco BRL); lanes 1-40 are described in Table 1 ; lane 41, distilled water.
with SYBR Green qPCR revealed a reproducible melting temperature of 81.50 o C and specific peaks (Fig. 2D) . The LOD of genomic DNA and the cell suspension determined with the SYBR Green qPCR assay was 5 fg/µl (fg per µl reaction mix) and 3.2 × 10 0 CFU/ml (CFU per ml reaction mix) of S. sonnei, respectively.
The assay showed excellent quantification characteristics and accurate detection.
In conclusion, in this study, the specificity and the sensitivity of a primer set based on the methylase gene of the pathogen were demonstrated with the S. sonnei type strain and a number of isolates, other Shigella species, E. coli, and closely related bacterial isolates. Thus, the quantitative PCR-based method can be used for the rapid detection of S. sonnei and will potentially simplify and facilitate the diagnosis and monitoring of this pathogen and guide disease management in the food, medical, and environmental industries. This technique is more economical and practical than the traditional methods.
